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3,229,098 
LIGHT.-BEAM MICROPHONE AND METHOD 
Gabriel M. Giannini, Indio, and Detbert G.. Yaa Orem, 
Newport Beach, Cslif., assignors, by mesne assignmerts, 
to Giannini Scientific Corporation, Leng Island, N.Y., 
a corporation of Detaware 
Continastion of appiicatian Ser. No. 22.873, Apr. 18 
1960. This application Jan. 15, 1963, Sev. No. 252,544 
7 Claims. (Cl. 230-199) 


This invention relates to a method and apparatus for 
transducing air-borne sound vwiorations into electrical 
signals through use of a beam of light. The present aApBpHe 
eson Is a continuation of our co-pending patent apolica- 
tion Serial No. 22,873, filed April £8. 1960 for a Ligtit- 
Beam Microphone and Metned, now abardoned,. 

Aa «cect of the present invention is 10 provide a 
mMicrop. ove apparatus and mathed wherein all equipment 
may be focated a considerable «aistance from the source 
of sound. se that the prablem of excluding a microphoae 
z vlevisi uur? is eliminated, 
wee CbDJect is t2 arovide a Peht-beam mveronhone 
and meviod characterized bY a minimum of interfcrence 
trom sounds other than the one which it is desired to 
transduce into an electrical signal. 

A further object of the invention is to provide a method 
apparatus for improving the high-frequency response 
ight-beam microghene. 

; and other obiects and advantazes of the inven- 
ion will be more fully set forth in the fosiowing specifica. 
fion-and claims, corsidered in connection with the at- 


the relationship between 
ow apparatus embodying 


on a slage.s and shew! 

tker and a first form 

i inveation; 

URE 2 is an enlarged scrizontal sectional view 

ot the light-transrritting and ligat-receiving portions of 

ihe apearatus; 

FIGURE 3 is a vertical section taken on the broken 

line 3—2 of FIGURE 
FIGURE 4 isa vie 


%, partially in horizontal section and 


partially in plan, illustrating a secend form of apparatus — 


incorporating the invention: 

PIGURE 5 is a fragmentary end elevation, as viewed 
from station 5—§ of FIGURE 4; 

FIGURE 6 is a horizontal sectional view illustrating 
a third embodiment of the invention: and 

FIGURE 7 is a vertical section taken on the broken 
line 7-7 of FIGURE 6. 

Referring first to the embodiment shown in FIGURES 
1-3 of the drawings, the apparatus is illustrated to com- 
prise a Jight-beam transmitter means 10 and a photo- 
detector means Lf so arranged and constructed that 
‘sound waves emanating from a sound source 12 are trans- 
duced into correspordine electrical signals. In the present 
illustration, the sound source comprises the vocal cor. 
muh of a perinerer on a stage ina theater. th: 

schematically ma:cated at 33. The elector: 
signals are amplifed im suihie smplifer means. i 
ten conducted to a igudspesker 2S. To is ta be unt 
seoued fuel Present arpuralis and method are 
adipted for use in television, mution piztures. etc. 
weil ns tor technical purposes such as measuring the se 
i y.in the exhaust from a rocket encine. 

The tronsmitter. means 10 and phat: ctectar means 
ars disoosed closely aduicent each other in rhe eine 
one side Gf the stugs, and a mirror 16 is disposed in - 
wing at the other side thereof. Tre means 19 and 


tah? 


a 


are so related to each other and te mirror 16 that a igh. 


beam 17 projected from transmitter 10.-will be reflected 
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back ‘to photodetector 11 fer generation of a photo- 
electric current therein. At least cae of the inclien: avd 
reflected portions of the light sexm. 47 is directed throven 
the air in front of sound scurce 12 and at substantially 
the same elevation, The heam is accordingly refracted 
correspondingly to the sound weves because of the dif- 
ferent densities of the air at different porticas thereat. 
It is pointed out that the sounu waves emannting froar 
source 12 have the form of sections of sohere:, and com- 
prise a jluralicy of compression fvonts (such: Id ond 19) 
separated by low-pressure regions ane of . at 
cated at 2u. The compression ircats i8 and 19 ¢ 
low-pressure regions) are smiced substenal ¢ 
from sach other. For exams ’ ' 
of a sound wave having a frocuency 6 
eveles per second are coprowmuately on 
ft is within the scope a? ihe invec 
Or MAG re aurors on the Suie 
means Vand tL. in con 
bank of cvirrors adjac 
thus rediected back : 
tial number of time: 
pactodetecior PP vu be ineren 
however, that in embedimerts 
is reffected back ard forte, “ 
light beam should noi pass wircagh sie 
rarts ef the sound wave. ; 
tor the incident portion af 
ccompression front 18 and ¢ 
beam to pass through the fro.: 
18 and the defector means (3 
each other, so that both the | 
S2am portions pass through 
of the wave, Tt is withia t- 
reflect the beam ‘uc! 


4 tore 
peand 


Prt 


pass threush soudau waves erear 

Referring particularly to FES 
iruted transmuder aieans 16 
having a powerful hwht sour 
portion thereof, for exampe: #. 


sized through leads 4 fre ey 
of electiic power, A mask Ot inde 


ro 
Deh 


closely adjacent source 23, ha 2 or open. 
ing 27 therein so that a point sour 4 sinivlited. 
The illustrated cpening 27 is rowaa (FaloL RE 3), and 
should have a small diameter sucit as a fe wiousands or 
hundredths of an inch. Suitais lens meats 28 are pro- 
vided in body 22 on the oprasie shi. of mack 26 Trem 
source 23, being adapted to transmit hehi fram openiag 
27 in payallel rays comprising tha liaht ceum i7, 

The photodetector means i: sor-oedses a highly sensi- 
tive device 308 for generating a phous ectric current Daveig 
an amplitude which varies in accoriance wid the qusn- 
tity of light transmitted therei2  Siated more deflalteiy 


2of i 


ventional construc 
by ihe Radio Cores 
tions 613% and 7H? 
in photomuesiplier 3 is ir 
the amr‘ 


ar 
2, 
other 


xactl) to mais 
P Lmentiog 


In necforming «he method with the asraraics 
trated in FIG R823 1-3, the transmitter (ies dai as 


Approved For Release 2007/09/21 : CIA-RDP81-00120R000100060047-0 


Approved For Release 2007/09/21 : CIA-RDP81-00120R000100060047-0 


3 ‘ 
photodetector means 11 are so aligned with mirror 16 
that the reflected portion of light beam 17 will be focused 
by lens 34 on opening 36 (in complete registry there- 
with) when there is no sound emanating from source 12. 

When a compression front (such as is numbered 18 in 
FIGURF 1) of the sound wave from source 12 passes 
through the light beam 17, such beam will be refracted 
slightly due to the different velocities of light in air hav- 
ing different densities. When the refracted beam (which 
in the illustrated form is also reflected from the mirror 16) 
is transmitted to the opening 36 in mask 33, it will be 
shifted laterally (horizontally) until it is at least partially 
out of registry with such opening. The photoelectric 
current generaled by the photomultiplier 3@ is reduced 
accordingly, 

It is to be understood that if the note from source 12 
has a high frequency. the compression fronts 18 and 19, 
eic., will. be relatively close together. The hight beam 
77 will thus be disturbed relatively frequently, so that 
the resulting phetoclecuie cnstent will have a higher fre- 
quency corresponding to that of the sound wave. If the 
note from source 42 hat a substantial voluine, the degree 
of refraction will be relatively creat and the quantity of 
Hight transmitted to photomultipier $0 will be diminished 
accordingly. The amplitude of the A.C. electrical signal 
will thus be increased. On the other hand, if the note has 
a low volume, the dearee of refraction of the light beam 
will be relatively small. and the quantity ot light trans- 
mitted to the photomuitipiier will not be reduced by the 
same degree as when the note nad a strong volume. ‘The 
4.C. signal will accordingly have a small amplitude. 
The device is therefure sensitive to bot the frequency 
and volume of ihe scund wave. 


Embodiment of FIGURES 4 and 5 


Referring to FIGURES 4 and 5, 4 transmitter means 
192 and phowdetector means dfa are illustrated which 
ne adapted to transmit ural recetve what mav be termed 
i sheet or band of lient, as distincuished from a conven- 
dional light beam, Tr-asmuider i102 comprises a por- 
tion 37 containing a Hight source and a mavk correspond. 
ina exactly (as to size, construction and location) to ele- 
ruents 23 and 26 shows: in FIGURE 2. The forward per- 
ition 38 of transmitter 1c has a diameter many times that 
of the portion 37, and contains a large diameter lens 39 
and a second mask 44 disposed in advance of such fens. 

Mask 41 has a slit 42 therein, such slit being on tbe 
order of several inches or several feet in height but having 
a width of only a few hundredths or tenths of an inch. 
Thus, instead of the conventional beam transmitted from 
source 10 of the previous embodiment, the light leaves 
the transmitter 10a in the form of a sheet or band which 
is thin but may be several feet in height. Such sheet or 
band is much more thin than the beam from element 10 
of the first embodiment. 

Since the width of the slit 42 is very small, and since 
the distance between each compression and the adjacent 
rarefaction of even a two thousand cycle note is on the 
order of inches, it will ce apnarent that the light beam has 
a dimension transverse to the direction of beam propaga- 
tion which i3 smaliin comparison to the distance between 
each compresson and rarefaction. Furthermore, as wil 
he set forth below. the beam is in such reiationship to 
the sound waves that tae small dimension of the beam is 
generally in line with tre direction of sound propagation. 

The phoicietector nieans (ia comprises a ‘ens 43 cor- 
responding exactly to lens 39 and adapted to concentrate 
the light beam onto an openify in a mask Cunshown) 
disposed in a small-diameter portion $4-of ine detector. 
Portion 44-siso contains a paotcmuluplice corresponding 
ta photomudiptier 30 uf the previous embociment, The 
opening in the mask (unshown> in porta 44 has such 
a size and shape that refraction of the fight band or 
beam, ag a result of pessage of sound waves tnerethrough 
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multiplier. Thus, assuming thai 
detector portion 44 is the same 
portion 37, such opening may be a vertical siit having a 
height corresponding to the dt ar of opening 27, and 
a width just great enough to receive the entire concentrated 
beam when no sound is emanaing frem source 12. The 
distance from the transmitter end ucteetor 39 and 11 to 
mitror 16 may be reduced umd only ibe strongest sound 
waves cause the concentrated beam to defect until no 
part thereof reaches the phuiomuiigier, 

In performing the method with the apparatus of FIG- 
URES 4 and 5, the iisht-beam transmitter [@a is so 
oriented that the slit 4! and the sPect or hand of light 
transmitted therefrom are generaiy verpencicular to the 
major axis of proragatioa of ihe compression fronts, such 
as 28 and 19, emailing from source 12. ihus, when 
the source 12 is so dicccted that tue prlaiary stind waves 
are projected forwardiy borzanady, fad: ar bie is 
$0 oriented that silt 42 and ike Lorn 
vertical. endal 
cal compressiod [rots. 

tt is within the scor 
42 arcuate as disuinen 
of cutvature cers? 
proximate:y Uh sa 
pression front 18 of i 
that it is conee: 
front passing chere 
aght band adjacetit source 12.6 stil 
iar to the major aais of Wave pO. 

The fight band or snc net 
means 10a is refracied by t 
ceived by the photodeicy ior i 
means concentrates the 24! 
mask adiacent the 
tian therecf) ti 
create an ALC. © 
sound waves from 3.4 

i0GS an Imports : 
that the ich: beam is 
from source 12. tu 
travel in directions : 
(ior example, vertical 48 
ufar thereto. it 
supprassed. 

It is anether important fealuce of ihe ex unent of 
FIGURE 4 that the bigh-trequensy respous: wt the ap- 
paratus is excellent.. Becaus: ot the chioness of the band 
or sheet of light, it is sensiiive to pressure fronts which 
are only a short distance apart, as is the case with notes 
having hig frequencies. 

It is to be understood ‘hat the meana 10a and lia are 
arranged, relative to mirror 14 acd seurce 12, identically 
to means 10 and 11 of the previous embodiment. 


Embodiment of FIGURES 6 and 7 


In the embodiment of FIGURES 6 and 7, the trans- 
mitier means iif) and ohotedetestor Lib are so con- 
structed and. arranged that the ressease of the pbotomulit- 

hichly linzar at all norm:.! 


Sonstitee Ge yen 


the mask location in 
as that in transmitter 


Fat Ban ute 
to the spheri- 


a tet seis ae 4oe or 
ihe Welt oad is che 


2 of the invention ig make the slit 
ad iv th ihe radius 
Baad bas a2 
Ao gen conm- 
nd is thea so focated 
sfsction) 
; nevi of the 
cherahiy perpendicu- 
von therefrom. 
i from wansmiitet 
A waves and is thea re- 
diag, Leas 43 of such 
beet at the opening in the 
The { 


roa sof 


2 PCBs 


L ‘ 
cnewu 


Prrtewi 


ihe ptasemy emboatonent 


folluws Unat 


6k 
Eacest as will be 
are iaentical to 


ot F 


Squire 
vertical and Bwo sided 2 
ig vonstructed HA a mas 
square Oseaing 44 -w) h verti 
opening 49 is lai atlset Gi 
of Use device. 7.-foliews that wien ihe square 
transmitted from tran: nutler 106 is received by the pho.o- 


fromy source 12, varies the signal geacrates in the photo- 75 detector 115, it will not be registered with the square 
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5 
opening 49 but instead will be horizontally offset there- 
from as indicated by the numeral 5¢ in FIGURE 7. 

The indicated horizontal offsetting assumes that the ap- 
paratus is oriented as shawn in FIGURE 1, with the 
sound source 12 being directed horizontally and at sub- 
stantially the same elevation as the light beam. The de- 
“flection caused by refraction of the light beam ts thus 
horizontal in such manner that there is either a greater 
or lesser degree of registry of the light beam 51 with 
square opening 49. The result is a curtain or shulter ac- 
tion which is highly linear, and in which at least part of 
the light beam is always registered with the opening 49. 
The linearity results from the fact that a given deflection 
always produces a corresponding percentge change in the 
area of the beam received 5v the photomultiplier. 

The sizes af the cnenines 47 and 49, and the relative 
fecations thereef, are made such that the light beam is 
ncver compisiely out of reuistry with the opening 49, 
regardless of the amolitude of the sound wave transmitted 
feom source 12. ‘There is thus a modulation action at 
ail times, and never a stop-start action. 

Various er: deadiments of the present invention, in addi- 
lion to whal has Desi Hiusiruied and described in detail, 
may be employed without departing from the scope of the 

ccompanying clauns. 

We Pane: 

iA method of transducing audio sound waves into 
elect cal We spice co nprising the steos of generating a 
mall dimension transverse to the 
tue cream, said dimension be- 
: berween ua compression and 
Aout an Aus sound wave. oassing 
i though the coer au adjecent a source 
waves traveling throuen said cir, and in 
: p TO said sonmd waves that said smal 
AOASIOD Is raliv in dine with the Wirection of propa- 
f said sound waves, directing sasd beam of liyht to 
omeans whereby suid meuns is caused to 

gencrule pioto-electric current corresponding peneraily 
w Said Sound waves, and amplifying the curtent thus 
genernied, 

2. The invention as claimed in claim 1, in which said 
meihod includes the step of selectively masking at feust 
pertvons of sand beam of light prior to inpingement there- 
of onto said photodetector means whereby variation in 
the dcgree of refraction of said beam caused by said 
sound waves eifects a variation in the degree of masking 
thereot to thus vary the response of said photodetector 
means. 

3. A method of transducing sound waves into electric 
current, which comprises the steps of generating a beam 
having a width which is a multiplicity of times the thick- 
ness thereof, direciing said beam through the air ad- 
jacent a source of sound waves traveling through said 
air and in such relation to said source that said beam is 

. Substantially tangential to a sphere having its center at 


we 


6 


said source, and disposing photodetector means in the 

path of said beam and so constructed that deflection of 

said beam caused by refraction thereof due to said 
sound waves varies the response of said photodetector 
6& means. 

4. A method of transducing sound waves into elec- 
trical waves, comprising the steps of generating a light 
beam, transmitiin, said light beam through the air in 
advance of a source of sound vibrations traveling through 
said air, dispensing a mask m the puth of said beam and 
having and edge portion which is so constructed and lo- 
cated that it is struck by said beam at ail times during 
passage cf normal sound waves through said beam, and 
disposing photo-detecior means in the path of the por- 
tion cf the beam tran..‘tted past said edge portion of 
said mask. 

5. The invention es claimed in ciaim 4. in which said 
method inciudes the step of cerreiating the cross-sec- 
tional shape of said Deum and she shape of said eage 
20 portion in such manner that she cross-sectional saape 

of the porticn of saul vear. traasmatted pause said edge 
portion varies linearly in accordance with said sound ¥i- 
brations. 
6. A method of trensducicg sound waves into electrical 
25 waves, which comprises jenerating a beam of light, trans. 
“ mitting said beam of Hien through the ambient atmuos-~ 
phere at a region :siiscent a sound-wave source which 
is disposed in said acchnent aimosonere and waich gen- 
erates in said atmo:. cere sound waves adupied Lo eifect 
refraction of said cuht beam passing therethrough in 
said atmosphere, dienesing in the nath of said refracted 
Haht beam a phe: s9 constructed that de- 
fection of sad bex-: ov gard refraction thercot 
janes ihe respec Of suid stecodetectar meus, qv am. 
35 oe ng the output of ue ‘ans fo brovade 
pelos Waves corre 2 seid sound waves. 
The invention 5 chased in claim 6, in which sand 
ieiholl further coaipsises the sie + 3} shaning suid beam 
of light in such manner thar, ut bt al the region which 
impinges Against said ebotod iabtde Means, ‘ad bear is 
a wide, thin band ihe thin dicnsasion of which is Ben- 
erally parallel io ‘nik uicection of propagation of said sound 
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waves. 
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